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@ The present invention provides industrially useful mutant luciferase. The lucrferase of the invention is 
produced by culturing a microorganism belonging to the genus Escherichia which harbors a recombin- 
ant DMA containing the mutant luciferase gene of a firefly. Mutant luciferase can produce light of 
wavelengths which cannot be produced by wild type luciferase and may be used to measure accurately 
the amount of ATP in a solution coloured red (e.g., biood), orange, or green in which wild-type 
luciferase has not provided reliable results. 
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Held Of the Invention: 

The present invention relates to mutant luciferase of a firefly, mutant luciferase genes thereof, recombinant 
DMAs containing the genes and a method of production for the mutant luciferase. 

5 

Prior Art 

Firefly luciferase has been isolated from various fireflies such as l-uclola cmdata Luciola lateralis, Photinus 
Pvralis and the like. Luciferase catalyzes luclferin to produce the olive green color (wave length: around 560 
10 nm) of light There has been no report on firefly luciferase which produces colors of light other than o\h/e green. 

Problems to be solved by the Invention 

When the amount of ATP In a colored solution (e.g., blood) is to be detenmined by using wild type firefly 
IS luciferase, the sensitivity of the measurement is extremely impaired by the color of solution. 

We have investigated a firefly ludferase which produces light of additional colors. We have successfully 
prepared a mutant capable of producing red, orange and green colors of light by isdating a wild type luciferase 
gene, inserting the gene into a vector, treating the construct with mutagens, transforming the genus Escherichia 
with the mutant, culturing the transformant in a medium, and recovering mutant ludferase producing a green 
20 color of light 

The present invention comprises the follovwng: 

(1) A method of produdng a mutant luciferase gene by treating a wild type luciferase gene of a fbefly with 
a mutagen. 

(2) A method of (1) wherein said mutant ludferase gene encodes mutant luciferase catalyzing luclferin to 
25 produce red, orange, or groen color of light, different from the one produced by native ludferase. 

(3) A mutant luciferase gene encoding the amino acid sequence of ludferase In which valine is replaced 
by isoleucine at the amino acid number 233, valine by isoleudne at 239, serine by asparagine at 286, 
glycine by serine at 326, histidine by tyrosine at 433 or proline by serine at 452. 

(4) A recombinant DNA comprising tiie mutant ludferase genes of (3). 

30 (5) A nrietfiod of producing mutant luciferase of a firefly which comprises culturing in a medium a microor- 
ganism belonging to the genus Escherichia transfomied with a recombinant DNA containing a mutant gene 
encoding the amino acid sequence of luciferase in which valine is replaced by isdeucine at the amino acid 
number 233, valine by isoleudne at 239. serine by asparagine at 286, glydne by serine at 326, histidine 
by tyrosine at 433, proline by serine at 452, and recovering mutant ludferase firom the culture. 
35 (6) Mutant luciferase having the amino acid sequence in which valine Is replaced by isoleudne at tiie amino 
add number 233, valine by isoleudne at 239, serine by asparagine at 286, glydne by serine at 326, histidine 
by tyrosine at 433. proline by serine at 452 in the sequence of native luciferase. 
The Invention is further Olustrated in detail as follows: 
Any luciferase gene of a firefly may be used, for example Ludola crudata, Luciola lateralis . Photinus 
40 pyralis and the like. A wild type luciferase gene of a firefly is mutagenized to produce mutant luciferase genes. 
In mutagenesis of a wild type luciferase gene, a wild type luciferase gene alone may be mutagenized or a wild 
type luciferase gene is inserted in a vector (e.g., plasmid, bacteriophage) and then the construct is mutagenized. 

A wild type ludferase gene of Ludola cruciata and its recombinant DNA can be obtained by the metiiod 
described in the Japanese Patent Appln. LOP Publication No. 51086/1989. A wild type luciferase gene of 
^ Luciola lateralis and its recombinant DNA can be obtained by the metiiod described in the Japanese Patent 
Appln. LOP Publication No. 322029/1988. 

A wild type luciferase gene of a firefly or a recombinant DNA containing the gene is treated with mutagens 
such as hydroxylamine, N-methyl-N-nitro-N-nitrosoguanidine, nitrous acid, sulfurous acid, hydrazine, formic 
acid or 5-bromouracil. Though any concentration of a mutagen may be used, 0.5-12 M is preferable. The treat- 
so ment may be carried out at 20-80*0 for more than 1 0 minutes, preferably 1 0-1 80 minutes. Altemativeiy, a vA\d 
tjfpe ludferase gene of a firefly or a recombinant DNA containing the gene may be exposed to U V light for 1 0-60 
minutes. Chemically or enzymaticatly syntiiesced oligonucleotides may be also utilized. 

The mutant genes thus obtained are inserted into a vector such as plasmid or bacteriophage (Japanese 
Patent Appln. LOP Publication No. 51086/1989, Japanese Patent Appln. No. 322029/1988) according to the 
55 method known in tiie art The constructs are used to transform a microorganism belonging to ttie genus 
Escherichia such as E, coH JMI01 (ATCC 33876), DHI (ATCC 33849) and HBI01 (ATCC 33694) according to 
tiie method described by Hanahan, 1985, DNA Cloning, 1: 109-135. /Mtematively, the constructs are used for 
transduction according to tiie metiiod (Molecular Cloning, 1982, Cdd Spring Harbor Laboratory). 
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The transformants and transductants are screened for the production of mutant ludferase. A transformant 
capable of producing mutant ludferase is selected. 

Purified recombinant DMA is obtained from the transfomiant according to the method described by Guerry, 
P.. 1973, J. Bacteriology, 116: 1064-1066 and Clewell. D.B.. 1972. J. Bacteriology, 110: 667-676, 
5 The DMA fragment containing the mutant ludferase gene can be obtained from the recombinant DMA using 
restriction enzymes such as EcoRI and Pstl. The reaction mixture is incubated at 30-40X for 1-24 hours, pref- 
erably at 37*^0 for 2 hours. After digestion, the mixture is electrophoresed on an agarose gel according to the 
method (Molecular Cloning, 1982, Cold Spring Hart3or Laboratory). 

The nudeotide sequence of a mutant ludferase gene can be determined according to the method as des- 
10 cribed in Section 1 7 of Example. 

The translbnmants capable of produdng mutant ludferase may be cultured in a solid medium, but a liquid 
culture medium is preferable. 

Suitable medium indudes more than one nitrogen source among yeast extract, tryptone, peptone, meat 
extract, com steep liquor and exudate of soybean or wheat, and more than one inorganic salt among NaCt, 
iS potassium dihydrogen phospliate, dipotassium hydrogen phosphate, magnesium sulfate, magnesium chloride, 
ferric chloride, ferric sulfate, manganese suHate and the like, and if necessary, some carbohydrates and vita- 
mins. 

The pH of the culture medium is preferably adjusted to 7-9. incubation may be carried out at 30-42**C for 
4-24 hours, preferably 37^0 for 6-8 hours in a submerged aeration culture, a shaking culture, or a stationary 
20 culture. 

After incubation, mutant luciferase is recovered from the culture according to the methods known in the 
art: Mutant luciferase is recovered by disrupting cells using sonication. mechanical and enzymatk: (e.g., 
lysozyme) lysis or by incubating cells in the presence of toluene with or without shaking and allowing cells to 
secrete enzyme into the medium. The lysate is filtered or centrifuged to remove cells and celt debris. If it Is 

25 necessary to renfK>ve nudeic add, streptomycin sulfate, protamine sulfate or manganese sulfate was added to 
the filtrate or the supernatant The mbdure is then fractionated using ammonium sulfate, alcohol or acetone. 
The predpitate recovered contains crude luciferase. 

Crude enzyme thus obtained may be purified by a method or the combination of methods which indudes 
a gel filtration method using Sephadex, Ultro-Gel or Bio-Gel, adsorption chromatography using an ion-exchan- 

30 ger or hydroxyapatite, affinity chromatography, polyacrylamide gel electrophoresis, sucrose density gradient 
centrlfugatlon, and fractional filtration using a molecular sieve and hollow fiber membrane. 

Purified luciferase is characterized as follows: Mutant luciferase catalyzes luciferin to produce colors of 
light, orange (wavelength: 595 nm and 607 nm), red (609 nm and 612 nm) and green (558 nm). The other physi- 
cal and chemical propertiesof mutant luciferase of Luciora cruciate are found identical to those of native lucifer- 

35 ase as described in the Japanese Patent Appln. LOP Publication No. 141 592/1 989. Simaariy, the other physical 
and chemical properties of mutant ludferase of Ludora lateralis found identical to those of native luciferase 
(Japanese Patent Appln. LOP Publication No. 262791/1969). 

The Effect of the Invention 

40 

The present invention provides industrially useful luciferase. Mutant luciferase of the invention is produced 
by culturing a microorganism belonging to tiie genus Escherichia which cam'es the recombinant DNA containing 
the mutant luciferase gene of a firefly. Mutant luciferase can produce red, orange and green colors of light which 
are not seen by native ludferase. Mutant luciferase can be used to measure ATP accurately in a colored solution 
45 such as red (e.g., blood), orange, or green colors in which native luciferase has not provided reliable results. 

Description of the Figures 

Fig. 1 shows the restriction map of a recombinant plasmid pALf3. 
50 Ftg. 2 shows the restriction map of a recombinant plasmid pGLfl . 

Example 

The following example furtiier illustrates the Invention. 
55 The following Sections 1-10 describe the construction of a recombinant DNA containing the luciferase 
cDNA of Photinus pvralis (Photinus pvralis is a member of fireflies). The construct is used as a probe to screen 
the luciferase gene of Ludora cruciata. 
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(1) Preparation of a Luciferase mRNA of Photinus pyralis 

1 g of dried tails of Photinus pyralis (SIgnna) was ground well u^ng a ntortar and a pestle. 5 m! of buffer 
PO mM Tris-HCI/pH 7.4, 10 mM NaQ, 3 mM magnesium acetate, 5% (w/v) sucrose, 1.2% (v/v) Triton X-100, 

5 1 0 mM vanadyl nucleoside complex (New England Biolabs)] was added to the material. The material was further 
ground as described above. 

5 ml of the solution thus obtained was placed in a blender cup (Nippon SeikI Seisakusho Co.) and mixed 
at 5,000 r.p.m. for 5 minutes. 12 ml of a guanidine isothiocyanate solution [6 M guanidine isothiocyanate. 37.5 
mM sodium citrate/pH 7.0, 0.75% (w/v) sodium N-lauroylsarcosinate, 0.15 M PHfnercaptoethanol] was added 

10 to the mixture. The mixture was mixed in a blender cup at 3,000 r.p.m. for 10 minutes. Then, the mixture was 
filtrated through a three^olded gauze. The filtrate was layered onto four ultra-centrifuge tubes (Hitachi Koki Co.) 
containing 1.2 ml each of 5.7 M cesium chloride. The tube was ultracentrifuged (SCP55H, Hitachi Koki Co.) at 
30,000 for 16 hours at 15'»C. The precipitate was washed with ice cold 70% (v/v) ethanol and resuspended in 
4 ml of 10 mM Tris buffer (10 mM Tris-HCI/pH 7.4, 5 mM EDTA, 1% sodium dodecylsulfete). The mbrture was 

15 extracted with an equal volume of a n-butand/chlorofonfn (4;1 v/v) mixture. The extract was centrifuged at 3,000 
r.p.m. for 10 minutes. The aqueous phase was saved and 4 ml of 10 mM Tris buffer was added to the organic 
phase. The organic phase was back-extracted 2x and the aqueous phase was pooled each t&ne. To the com- 
bined aqueous phase. 1/10 volume of 3M sodium acetate/pH 5.2 and two volumes of Ice cold ethanol were 
added. The mfacture was incubated at -20**C for 2 hours. After Incubatton, the mixture was centrifuged at 8,000 

20 r.pjn. for 20 minutes. The RNA precipitate was removed and dissolved in 4 ml of water. Rl^ was precipitated 
with ethanol and resuspended in 1 ml of water. 3.75 mg of RNA was obtained. 

The above procedure was repeated and a total amount of RNA recovered was 7 mg. mRNA was separated 
from total RNA using an oligo (dT) cellulose (New England Biolabs) column chromatography. The oligo (dT) 
column was prepared by filling a 2.5 ml Tenjmo syringe column (TerunK) Co.) with 0.5 g <rf resin which had 

25 previously been swelled in an elution buffer [10 mM Tris-HCl/pH 7.6, 1 mM EDTA. 0.1% (w/v) sodium dodecyl- 
sulfate]. The column was then equilibrated with binding buffer[10 mM Tris-HCI/pH 7.6, 1 mM EDTA, 0.4 M NaQ, 
0.1% sodium dodecylsulfate]. 

An equal volume of buffer [10 mM Tris-HCI/pH 7.6. 1 mM EDT/V. 0.8 M NaCI, 0.1% sodium dodecylsulfete] 
was added to the RNA (7 mg) suspension. The mixture was incubated at 65*C for 10 minutes, cooled on ice, 

30 and loaded on the oligo (dT) cellulose column. The column was then washed with binding buffer to remove 
unbound rRN A and tRN A. Elution buffer was loaded on the top of the column to elute mRf^ 40 ^g of mRNA 
was obtained. 

(2) Isolation of lajciferase mRNA 

35 

mRNA was concentrated using a sucrose density gradient centrifugation. The sucrose gradient was made 
as follows: 0.5 ml of 40% (w/v) sucrose [50 mM Tris-HCI/pH 7.5. 20 mM NaCI, 1 mM EDTA, 40% (w/v) sucrose] 
was placed in a polyaroma tube (Beckman rotor SW41). Then. 2.4 ml of each sucrose (25% (w/v), 20% (w/v), 
15% (w/v), 1 0% (w/v)) was layered. The gradient was left standing at 4'C for 24 hours. 30 ^ig of mRNA was 

40 layered onto the sucrose gradient The hjbe was ultracentrifuged at 30,000 rp.m. at 1 8**C for 18 hours. /Vfter 
centrifugation, a total volume was removed in a 0.5 ml fraction. Ethanol was added to each fraction. The pre- 
cipitate was removed and resuspended in 10 ^f of water. 

The fraction containing a high level of luciferase mRNA was selected as follows: 1 ^£ of the fraction, 0 jif 
of rabbit reticulot^ lysate (/Unersham) and 1 nf of 35S-methionine (/^ersham) were combined. The mixture 

45 was incubated at 30*»C for 30 minutes. 1 50 \it of NET [1 50 mM NaCI, 5 mM EDTA, 0.02% (w/v) NaNg, 20 mM 
Tris-Ha/pH 7.4, 0.05% (w/v) Nonidet P-40 (BRL detergent)] was added to the mixture. Then. 1 jif of anti-Iucifer- 
ase semm (prepared as described in Section 3) was added to the mixture. The mixture was Incubated at4*»C 
for 1 8 hours. 1 0 mg of Protein A Sepharose (Pharmacia) was added to the mbcture. The mixture was incubated 
at 20*C for 30 minutes. After incubation, the mbcture was centrifuged at 12,000 r.p.m. for one minute. The pellet 

50 was recovered and washed 3x with 200 \ii of NET. 40 of sample buffer [62.5 mM Tris-HCI/pH 6.8. 10% (v/v) 
glycerol. 2% (w/v) sodium dodecylsulfiate, 5% (v/v) pHmercaptoethanol. 0.02% (w/v) Bromophenol Blue] was 
added to the pellet The mixture was boiled at 1 00**C for three minutes and centrifuged at 1 2,000 r.p.m. for one 
minute. The supernatant was loaded on 12% (w/v) SDS-PAGE. Electrophoresis was carried out according to 
the method (Laemmli, ig70. Nature p227. p680). After electrophoresis, the gel was immersed in 10% acetic 

55 acid for 30 minutes, washed in water for 30 minutes and immersed in 1 M sodium salicylic acid for 30 minutes. 
The gel was dried and exposed to a X-ray film (Fuji Film Co.) forfluorography. 

The film was analyzed: The presence of a band on the film indicated the presence of an elevated level of 
luciferase mRNA in that fraction. 
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(3) Preparation of Rabbit Anti-luciferase Serum 

Rabbit antiserum against purified ludferase was prepared as foilows. 

0.7 ml of luciferase (3.2 mg/ml) puciferase (Sigma) was dissolved in 0.5 M glycylgtycine/pH 7.8] was mixed 
5 with an equal volume of Freund's complete adjuvant (2.24 mg). The mixture was injected to a pad of a Japanese 
white rabbit (2 kg). The rabbit was boosted two weeks after the first Injection with the same amount of the anti- 
gen-adjuvant mbchjre intracutaneously at the back. One week later, the rabbit was boosted as described above. 
One week after the final injection, the rabbit was sacrificed and bled. 

The blood was left standing at 4^ for 18 hours and then centrifuged at 3,000 r.p.m. for 15 minutes to give 
10 a supernatant containing antMuciferase serum. 

(4) Preparation of a Luciferase cDNA 

Luciferase cDNA was prepared using Amersham's kit 
IS cDNA was prepared from 2.0 ^g of mRNA according to the method described In Mol. Ceil. Biol. 2: 161, 
1982 and Gene 25: 263, 1983, as recommended by the manufacturer's instructtons. 

150 ng of cDNA was suspended In 7 (if of TE (10 mM Tris-HCI/pH 7.5, 1 mM EDTA). 11 ^f of buffer (280 
mM sodium cacodyiate/pH 6.8, 60 mM Tris-HCI/pH 6.8, 2 mM cobalt chloride), 3.8 of a tailing solution [7.5 
of 10 mM dlthiothreltol, 1 \i2 of poly A (1 0 ng/ml), 2 of 5 mM dCTP, 1 1 0 of water] and 29 units of tennfnal 
20 transferase (Boehringer Mannheim Inc.) were added to the suspension. The mbcture was incubated at 30<='C 
for 10 nrtinutes. After incubation, 2.4 \ii of 0.25 M EDTA and Z4 \i2 of 10% (w/v) sodium dodecylsuifate were 
added to the mbcture to stop the reaction. 

25 pf of phenol equilibrated with water was added to the mixture. The aqueous phase was saved. 25 
of 4 M ammonium acetate and 100 \ii of ice cold ethanol were added to the aqueous portion. The mbcture was 
25 incubated at -70**Cfor 15 minutes. After incubation, the mbcture was centrifuged at 12,000 r.p.m. for 10 minutes. 
The pellet was removed and resuspended in 10 pf of TE. The resulting suspension contained 100 ng of 
deoxycytidine-tailed cDNA. 

(5) Preparation of a Vector pMCElO 

30 

PKN305 and pMCI403-3 (Japanese Patent Appln. LOP Publication No. 274683/1986) were constructed 
using E, otH W31 10 (ATCC 27325), pBR325 (BRL), pBR322 (Takara Shuzo Co.. LTD) according to the method 
described by Masuda, T. eL al., (1986. Agricultural Biological Chemistry 5Q: 271-279). 1 pg of pKN305 DNA 
andl pgofpMCI403-3 DNA were dissolved in 10 ^£ of a solution (50 mMTris-HCl/pH 7.5. 10 mM MgQz, 100 

35 mM NaCI, 1 mM dithtothre'rtol) in a separate tube. 2 units of Hindlll and 2 units of Sail (Takara Shuzo Co., LTD) 
were added to each tube. The mbcture was incubated at 37*^0 for an hour. After digestion, the mbcture was ext- 
racted with phenol. The extract was then predpitated with ethanol. The precipitate was dissoh^ed in 10 pF of 
ligation buffer (20 mM MgQa. 60 mM Tris-HQ/pH 7.6, 1 mM ATP, 15 mM dithiothreitol). 1 unit of T4 DNA ligase 
(Takara Shuzo Co., LTD) was added to the solution and the mixture was incubated at 20^C for 4 hours. The 

40 mbcture was used to transform JM101 (ATCC 33876) according to the method (J. Bacteriology, 1 974, 119: 1 072- 
1074). The transfonmants were screened on an agar plate conteining ampicillln and tetracycline in addition to 
a necessary culture medium. The transformants were then further screened for the p-galactocidase activity. 
After screening, a positive colony was found and designated JMI01 (pMCEO). The recombinant plasmid con- 
tained was designated pMCEO. JMtOI (pMCElO) was cultured at 37''C for 16-24 hours. 20 nrtl of the cultore 

45 was added to 1 f of a culture medium [1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) NaCQ. The mbcture 
was incubated at 37^C for three hours. At three hours of incubation, 0.2 g of chloramphenicol was added to 
the mbcture. The mixture was further incubated at 37''C for 20 hours. 

The culture was centrifuged at 6,000 r.p.m. for 10 minutes to give 2 g of the celts which were suspended 
in 20 ml of 350 mM Tris-HCl/pH 8.0 buffer containing 25% (w/v) sucrose. 1 0 mg of lysozyme, 8 ml of 0.25 M 

so EDTA/pH 8.0 and 8 ml of 20% (w/v) sodium dodecylsuifate were added to the suspension. The mixture was 
incubated at 60*C for 30 minutes. 

13 ml of 5 M NaCI was then added to the mixture. The mbcture was further incubated at 4*^0 for 16 hours. 
After incubation, the mbcture was centrifuged at 15,000 r.p.m. for 30 minutes. The supematent was extracted 
with phenol. Then, DNA was preciplteted with ethanol. 

65 The predpitete was dried under reduced pressure and then dissolved in 6 ml of TE. 6 g of cesium chloride 
and 0.2 ml (10 mg/ml) of ethidium bromide were added to the solution. The mbcture was uitracentrifuged at 
39,000 r.p.m. for 42 hours. After centrifugation, pMCElO DNA portion was removed and extracted with n-butenol 
to remove ethidium bromide. The DNA solution was then dialyzed against TE. After dialysis, the dialysate con- 
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tained SOO^gofDNA. 

(6) Preparation of Deoxyguanidine-tailed Vector pMCQO and pUCI9 

5 15 |ig of pMCElO was dissolved in 90 \it of TE 10 of Med buffer [100 mM Tris-HCI/pH 7.5, 100 niM 
MgCl2, 10 mM dithiothrertol, 500 mM Naa] and 30 unite of Acd (Takara Shuzo Co., LTD) were added to the 
solution. The mixture was incubated at 37°C for an hour. After digestion, the mixture was extracted with 100 
\i! of phenol equilibrated with water. To the extract, 1/10 volume of 3 M sodium acetate/pH 7.5 and two volumes 
of ice cold ethanol were added. The mbcture was incubated at -70**C for 1 5 minutes. After incubation, the mixture 

10 was centrifuged at 12,000 r.p.m. for 10 minutes. The pellet was resuspended in 10 ^F of TE. 

15 (if of a solution (280 mM sodium cacodylate/pH 6.8, 60 mM Tris-HC!/pH 6.8, 2 mM cobalt chloride), 5 
\i2 of a tailing solution [7.5 \s\ of 10 mM dithiothreitol, 1 \ii of poly A (10 ng/ml), 2 jif of 5 mM dGTP, 110 ^if of 
water] and 5 units of terminal transferase (Takara Shuzo Co., LTD) were added to the mbcture. The mixture 
was incubated at 37*=*C for 15 minutes. The rest of the procedure was canied out as described in Section 4. 

15 The resulting solution contained DNA of pMCElO with a deoxyguanoslne taO at the AccI site. 

DMA of pUC19 with a deoxyguanoslne tail at the PstI site was prepared as follows: 30 ^g of pUa9 (Takara 
Shuzo Co., LTD) was dissolved In 350 ^f of TE. 40 of Med buffer and 120 units of PstI (Takara Shuzo Co., 
LTD) were added to the solution. The mixture was incubated at 37**C for an hour. After digestion, the mixture 
was extracted with phenol. Then, DNA was precipitated with ethanol. 

20 The precipitate was then resuspended in 35 ^f of TE. 50 jif of a solution (280 mM sodium cacodytate/pH 
6.8, 60 mM Tris-HCi/pH 6.8, 1 mM cobalt chloride). 19 ^^ of a tafling solution (described above, containing 
dGTP) and 60 unite of tenminal transferase (Takara Shuzo Co., LTD) were added to the suspension. The mixture 
was incubated at 37*C for 10 minutes. After incubation, the mixture was extracted with phenol. DNA was tiien 
recovered by ethanol precipitation. 

25 

(7) Construction of a Luciferase cDNA Library 

15 ng of deoxycytidine-tailed luciferase cDNA and 200 ng of deoxyguanidine-tailed pMCEO were dissolved 
in 35 \iE of annealing buffer (1 0 mM Tris-HCI/pH 7.5, 100 mM Naa, 1 mM EDTA) in a tube. SimOarly, 15 ng of 
30 deoxycytidine-tailed luciferase cDNA and 200 ng of deoxyguanidine-taiied pUCI9 were dissoh^ed in 35 \ii of 
annealing buffer in a tube. The tubes were heated at 65*C for 2 minutes, at 46'*C for 2 hours, at 37*C for an 
hour, and then at 20X for 18 hours. 

The constructe (recombinant plasmids of pMCSO and pua9, which contain luciferase cDNA) were used 
to transfonn E. ^ DHl (ATCC 33849) according to the method described by Hanahan (1985. DNA Cloning, 
35 1: 109-135). 

(8) Screening of the Luciferase cDNA Library 

The AccI site of pMCEiO was located in the coding region of a p-gatactosidase gene. The luciferase cDNA 
40 of pMCElO produced a fusion protein bound to p-galactosidase. The promoter of the p-galactosidase gene of 
pMCBO had been replaced by that of the tryptophan gene of E. co{i as described previously. 

96 colonies of the luciferase cDNA library in the pMCElO vector were incubated with shaking in 1 0 ml of a 
M9 casamino acid medium (Maniatis, T., 1 982. Molecular Qoning, Cold Spring Harbor Laboratory, NY, pp 440- 
441) containing 10 pg/ml of thiamin at 37*'C for 10 hours. After incubation, the bacterial cells were harvested. 
45 The cells were suspended in 200 \it of sample buffer (see Section 2). The suspension was boiled at 100*C for 
5 minutes. 

40 \it of the suspension was electrophoresed on a 7.5% (w/v) polyacrylamide gel. After electrophoresis, 
proteins on the gel were transfenred to a nitrocellulose filter according to the westem blot analysis (Anal. 
Biochem. 1 12: 195, 1981). The nitrocellulose filter was treated with anti-luciferase serum using an Immunoblot 

50 assay kit (Bb-Rad) according to the method recommended by the manufadurer's instructions: The filter was 
immersed in 100 ml of a blocking solution [TBS (20 mM Trte-Ha, 500 mM NaO/pH 7.5) containing 3% (w/v) 
gelatin] and incubated with shaking at 25°C for 30 minutes. The filter was then transfenred to 25 ml of a primary 
antibody solution [anti-luciferase serum was diluted 1 :25 v/v with TBS containing 1% (w/v) gelatin] and incu- 
bated with shaking at 25**C for 90 minutes. The fOter was transferred to 100 ml of Tween-20 Wash [TBS con- 

55 teining 0.05% (w/v) Tween-20] and incubated wth shaking at 25*»C for 10 minutes. This washing procedure 
was repeated one more time. The filter was transferred to 60 ml of a secondary antibody solution [horseradish 
peroxidase labelled anti-rabbit antibody (Bto-Rad) diluted 1:3000 (v/v) witii TBS containing 1% (w/v) gelatin] 
and incubated with shaking at 25°C for 60 minutes. The filter was washed 2x with 100 ml of Tween-20 Wash. 
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The filter was then transferred to 120 ml of a staining solution and incubated at 25'='C for 1 0 minutes. The staining 
solution was prepared as follows: 60 mg of 4-chloro-1-naphthol was dissolved in 20 ml of cold methanol (sol- 
ution A). 60 \ii of 30% {yN) hydrogen peroxide was added to 1 00 mi of TBS (solution B). The solution A and 
B were combined. 

5 Manipulating 96 colonies as a set, we soBened additional three sets of colonies as described above. Two 

sets were positive. The two sets were further tested: The two sets of colonies were divided into 16 groups (12 
colonies per group). The 16 groups were screened as described above. Of these, two groups were positive. 
24 colonies were then screened individually as described above. Of these, two positive colonies were found 
and plasmid DNA of the two colonies was prepared as described in Section 5. The plasmid DMAs were desig- 

10 nated pALf2B8 and pALf3A6. 

(9) Preparation of a DNA Probe for the Screening of the Luctferase cDNA Library 

100 Jig of pAI^A6 DI^ was dissolved in 330 ^f of TE. 40 jif of low buffer (100 mM Tris-HCI/pH 7.5, 100 
IS mM MgCl2, 10 mM dithiothreltol). 130 units of PstI (Takara Shuzo Co., LTD) and 120 units of Sad (Boehringer 
Mannheim) were added to the solution. The mbcture was incubated at 37**C for 1 .5 hours. 

Digested DNA was electrophoresed on a 0.7% (w/v) agarose gel according to the method described by 
Maniatis, T., (1984, Molecular Cloning, pp 156-161, Cold Spring Harbor Laboratory. NY). The band containing 
the luctferase cDNA was cut out and placed in a dialysis tube. 2 ml of TE was added to the tube and the tubs 
20 was sealed. The tube was subjected to electroelution. The DNA solution was removed from the tube and ext- 
racted with an equal volume of phenol equilibrated with water. DNA was precipitated with ethanol. 

10 ^g of DNA thus obtained was resuspended in 126 \i£ of TE. 16 of Med buffer and 64 units of Sau3AI 
(Takara Shuzo Co., LTD) were added to the suspension. The mixture was incubated at 37''C for 2 hours. After 
digestk>n, the restriction fragments were electrophoresed on a 5% (w/v) polyacrylamide gel according to the 
25 method described by Maxam, A. (1980, Methods in Enzymology 506). 1 ^g ofthe 190 bp Sau3^ fragment 
containing the luciferase cDNA was isolated as described above. 

1 ofthe fragment was labelled with a-^^p-dCTP (Amersham) using a kit (Takara Shuzo Co., LTD) accord- 
ing to the nick translation method (J. Md. Biol., 1977, 113: 237-251 and Molecular Cloning, 1982, Cold Spring 
Harbor Laboratory, NY, pp 109-112). 

30 

(10) Screening of the Ludferase cDNA Library in the pUC19 Vector Using the ^p-l^belled Probe 

The luciferase cDNA library in the pDC19 vector was screened using the ^^p-labelled probe according to 
the colony hybridization method (Proteins, Nudeic Acid, Enzyme, 1981, 26: 575-579). Positive colonies were 
35 obtained and one of colonies was designated as pALf3. pALf3 DNA was prepared as described in Section 5 
and used totransfonm E. ^DHI. The transfbrmant was designated as DHI (pALf3). DHl (pALf3) was deposited 
as ATCC 67462. 

pALf3 DNA was digested with one or two enzymes from the group consisting of Xbal, Hindlll, BamHI, EcoRI 
and PstI (Takara Shuzo Co., LTD). For a mdecular weight marker, XDNA (Takara Shuzo Co., LTD) was diges- 
40 ted with Hindlll. The restriction fragments were electrophoresed on an agarose gel. The band patterns of diges- 
ted pALfS DNA were compared with those ofthe XDNA martcer. The size ofthe luciferase cDNA fragment was 
found to be 1,700 bp. The restriction map of pALf3 is shown in Fig. 1. 

(11) Preparation of lojciferase mRNA of Luciola cruciata 

45 

10 g of living Ludola cruciata (purchased from Seibu Departmisnt Store) was placed in an ultracold freezer. 
After the insect was frozen they were taken out from the freezer. The tails of fireflies were cut off with sdssors 
to yield 2 g of the tails. 18 ml of a guanidine isothiocyanate solution was added to 2 g of the tails. 1.1 mg of 
total RNA was recovered and loaded onto the top of an oligo (dT) cellulose column according to the method 
50 as described in Section 1. 30 ^g of luciferase mRNA was recovered. 

(12) Construction ofthe Luciferase cDNA Library of Luciola cruciata 

cDNA was prepared using a kit (Amersham) according to the method (MoL Cell. Biol., 1962, 2: 161 and 
55 Gene, 1983, 25: 263). 

0.9 |ig of double-stranded cDNA was prepared from 2 \ig of mRNA 0.3 pig of cDNA was polydeoxycyth 
dine-tailed according to the method as described in Section 4. 

20 ng of poiydeoxycytidine-tailed cDNA and 500 ng of polydeoxyguanocine-tailed pUCI9 DNA (see Section 



7 



EP0 449 621 A1 



6) were annealed according to the method as described in Section 7. The construct was used to transform E. 
coli DH! (ATCC 33849) according to the method descril)ed by Hanahan (1986, DMA Cloning. 1: 109-135), 

(1 3) Screening of the Ludferase cDISIA Library 

1 0 jxg of pALf3 DMA as described in Section 1 0 was dissoh^ed in 90 |i£ of TE. 1 0 nf of Med buffer, 25 units 
each of EcoRI and Qal (Talcara Shuzo Co., LTD) were added to the solution. The mbrture was incubated at 
37**C fbr2 hours. After digestion, the restriction fragments were electrophoresed on an agarose geL The 800 
bp EcoRI-Clal fragment containing luciferase cDNA was isolated. 1 ^ig of the DNA fragment recovered was 
labelled with a-^zp-dCTP (Amersham) according to the nidc translation method. The luciferase cDNA library of 
yjdora cruciate was screened using the 32p-iabelled probe according to the colony hybridization method. Sev- 
eral positive colonies were obtained and one of the colonies was designated at pGLf 1 . pGUI DNA was prepared 
according to the method as described in Section 5, and used to transfomt E. ^ DHL The transformant was 
designated as DHI (pGLfl). DHI (pGLf1) was deposited as ATCC 67482. 

pGLf1 DNA was digested with one or two enzymes from the group consisting of Hpal, Hindlll, EcoRV, Dra!» 
Aflli, Hindi, PstI (Takara Shuzo Co., LTD) and Sspl (New England Bio-Laboratory). For a molecular weight 
maricer, X phage DNA (Talcara Shuzo Co.. LTD) was digested with Hindlll. The restriction fragments were 
electrophoresed on an agarose gel. The band patterns were analyzed. The fragment containing luciferase 
cDNA was 2,000 bp. The restriction map of pGLM is shown in Fig. 2. 

(14) DNA Sequencing of the Ludferase cDNA of Ludola cruciate 

10 ng of pGLf1 DNA was digested with PstI (Takara Shuzo Co., LTD). After digestion, Z5 jig of the 2.0 kb 
DNA fragment conteining the luciferase cDNA was recovered. The ZO kb fragment was inserted into the PstI 
site of pUai9 (Takara Shuzo Co., LTD). The constojcte were designated as pGLf2 and pGLf3 according to 
the orientetion of the inserted fragmenL 

The recombinant plasmids pGLf2 and pGLf3 were constructed as follows: 

pGLfi DNA and pUVi19 DNA were digested with PstI according to the method as described in Section 
6. The luciferase cDNA fragment was isolated by agarose gel electrophoresis according to the method as des- 
cnljed in Section 9. The restriction fragmente of the vector and the insert were l^ated according to the method 
as described in Section 5, JMIOI (ATCC 33876) was transfonmed with the constructe according to the method 
as described in Section 5. DNA of pGLK and pGLf3 was prepared according to the method as in Section 5. 

Various deletion mutations were introduced into pGLf2 and pGLf3 using a kilosequence deletion kit (Takara 
Shuzo Co., LTD) according to the method described by Henikoff (1984, Gene 28: 351-359). E. coli JMI01 (ATCC 
33876) was then transformed with the deletion mutente of pGLi2 and pGLf3. The transfonmante were Infected 
with a helper phage MI3K07 (Takara Shuzo Co., LTD) to prepare single-stranded DNA according to the method 
described by Messing (1983. Methods in Enzymology, 101: 20-78). Single-stranded DNA was sequenced using 
a Mi3 sequencing kit (Takara Shuzo Co., LTD) according to the method (Messing, see above). Sequendng 
was cam'ed out on a polyacrylamide gel (Fuji Film Co., LTD). 

The nudeotide sequence of the ludferase cDNA of Luciora cruciata is shown in the Sequence Listing SEQ 
ID: No. 1. The amino acid sequence deduced from the nudeotide sequence is shown in the Sequence Listing 
SEQ ID: No. 2. 

(15) Construction of a Recombinant Plasmid pGLf37 

The 4.0 kb DNA fragment containing most of the vector segment as well as the luciferase cDNA lacking 
27 nucleotides at the N-terminal was prepared as follows: 

1 Jig of pGLfl DNA was dIssoWed in 90 jif of water. 1 0 jif of Med buffer and 20 units of PstI (Takara Shuzo 
Co.. LTD) were added to the sdution. The mixture was Incubated at 37''Cfor 2 hours. After digestion, an equal 
volume of phenol equilibrated with water was added to the mixture. The DNA fragments were recovered by 
ethanol predpitation. and inserted into a vector. The constmcts were used to fcransfomi E, toII JMIOI (ATCC 
33876). and plasmid DNA was prepared from the transformants according to the method as in Section 5. 

Plasmid DNA of the transfonmants was digested with one or two enzymes from the group consisting of Sspl, 
EcoRV and PstI. The construct containing the cDNA fragment in the orientation opposite to the one in pGLfl 
was designated as pGLflO. 

1 0 fig of pGLf 1 0 D NA was dissolved in 90 \ii of water. 1 0 fif of Med buffer and 1 0 units of Sspl (New England 
Bio-Lab) were added to the solution. The mixture was incubated at 37*C for 30 minutes. After partial digestton, 
the 4.0 kb DNA fragment (2 ng) containing most of the vector segment as well as the luciferase cDNA lacking 
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27 nucleotides at the N-terminat was recovered. 

1 of the 4.0 kb DNA fragment was dissolved in 95 \i2 of water. 5 of 1 M Tris-Ha/pH ao and 1 \ii 
(0.3 unit) of allcaline phosphatase (Takara Shuzo Co., LTD) were added to the solution. The mixture was Incu- 
t>ated at 65X for an hour. After dephosphorytation, the mixture was extracted with phenol. Then, DNA was 

5 precipitated with ethanol. 1 of the 4.0 kb DNA fragment dephosphorylated at both ends was recovered. ' 
The DNA fragment containing the trp promoter of E. Mili was prepared as follows: 
10 ng of pKN206 DNA containing a trp promoter (Agria Biol. Chem. 1986, 50: 271-279) was dissolved in 
90 \it of water. 10 pf of Med buffer and 20 units of Cial (Takara Shuzo Co., LTD) were added to the solution 
and the mixture was Incubated at 37^0 for 2 hours. After complete digestion, the restrictbn fragments were 

10 further digested with 1 0 units of Sspl at37''Cfor30 minutes. After partial digestion with Sspl, the DNA fragments 
were extracted with phenol. Then, DNA was precipitated with ethanol. The precipitate was resuspended in 100 
[i£ of TE. The 500 bp DNA fragment containing almost ail the trp promoter was isolated according to the method 
described in Section 9. 

Ol^onucleotkjes for the 4.0 kb fragment and the trp promoter were synthesized as follows: 

16 The ludferase cDNA of the 4.0 kb DNA fragment lacked the nucleotide sequence encoding nine amino 
acids at N-tenminal according to the nudeotMe sequence analysis. The trp promoter of the 500 bp DNA fragment 
lacked part of the sequence between the SD region and the ATG Initlatton codon. To fill the missing sequences 
of the 4.0 kb DIMA fragment and the trp promoter, two oligonucleotides as defined in the Sequence Usting by 
SEQ: ID Nos. 3 and 4 were synthesized using a System 1 Plus DNA synthesizer (Beckman). 

20 The oligomers were purified using a NENSORB PREP (Dupont) and 20 ^g of each oligomer was recovered. 
1 (ig each of the purified oligomers was dissolved in 45 p£ of water in a separate tube. 5 \ii of IQx kination 
buffer (0.5 M Tris-HCl/pH 7.6, 0.1 M MgOj, 50 mM dithiothreitol, 10 mM ATP) and 1 ^^ (10 unit) of T4 polynuo 
leotkJe kinase (Takara Shuzo Co., LTD) were added to the tubes. The mbclures were incubated at 37*'C for an 
hour. The mbctures were extracted with phenol. Then, DNA was precipitated with ethanol. 1 ^g each of the 

25 oligomer phosphoryiated at the 5' end was recovered. 

A recombinant plasmid pGLf37 was constructed as follows: 

1 pg of the 4.0 kb fragment, 1 pg of the 500 bp fragment and 0.1 pg each of the oligomer phosphoryiated 
as above were dissolved in 8 jif of water. 1 pf of lOx ligation buffer (200 mM MgClj, 660 mM TrIs-HCI/pH 7.6, 
10 mM ATP, 150 mM dithlothreitd) and 1 pf (1 unit) of T4 DNA ligase (Takara Shuzo Co.. LTD) were added 

30 to the mixture. The mbcture was incubated at 16*C for 16 hours. Then, the mbcture was used for transformation. 
Transformation of JMIOI (ATCC 33876) and isolation of plasmid DNA were carried out in an analogous way as 
in Sectton 5. Plasmid DNA was digested with one or two enzymes from the group consisting of Sspl, EcoRV 
and Pstl. The restriction fragments were electrophoresed on a 0.7% agarose gel. The recombinant plasmid con- 
taining the trp promoter and the luciferase cDNA was selected and designated as pGLf37. A JMIOI transfonnant 

35 carrying pGLf37 was designated as JMIOI (pGLf37). 

(16) Mutagenesis of Recombinant Rasmid pGLf37 

30 pg of pGLf37 DNA was dissolved in 100 pf of a hydroxylamine solution (0.8 M hydroxylamine hyd- 

40 rochtoride, 0.1 M phosphate buffer/pH 6.8, 1 mM EDTA). The mixture was incubated at 65°C for 2 hours. After 
incubation. DNA was precipitated witii ethanol in conventional way. The precipitate was resuspended In TE 
(10mMTris-HCI/pH 7.5. 1 mM EDTA). The mixture was used to transfomi E. coli JMIOI (ATCC 33876) according 
to the metttod described by Hanahan (1985, DNA aoning, V. 109-135), The mbcture containing the transfor- 
mants was plated out on an l-B-amp agar plate [1% (w/v) bactotrypton, 0.5% (w/v) yeast extract, 0.5% (w/v) 

45 NaCI, 50 pg/ml of ampicillin, 1 .4% (w/v) agar]. The plate was incubated at 37°C for 1 2 hours. A colony appeared 
on the plate was inoculated into 3 ml of an LB-amp medium [1% (w/v) bactotrypton, 0.5% (w/v) yeast extract, 
0.5% (w/v) NaCI. 50 pg/ml of ampicillin] and incubated with shaking at37**C for 18 hours. 0.5 ml of the culture 
was added to 10 ml of an LB-amp medium. The mixture was incubated with shaking at 37*'C for 4 hours. After 
incubation, the mixturo was centrtfuged at 8,000 r.p.m. for 1 0 minutes. 

50 20 mg of the cells collected was suspended in 0.9 ml of a buffer (0.1 M KH2PO4/PH 7.8, 2 mM EDTA, 1 
mM dithiothreitol, 0.2 mg/ml of protamine sulfate). 100 pf of lysozyme solution (10 mg/ml) was added to the 
suspension. The mixture was placed on ice for 15 minutes. The mixture was tfien frozen in a dry ice/methano! 
bath. The mixture was removed from the bath and left standing at 25*0. When the mbcture was completely 
ttiawed, It was centrifuged at 12,000 r.p.m, for 5 minutes. 1 ml of a supernatant containing crude enzyme was 

55 obtained. 

50 p£ of the crude enzyme solution thus obtained was added to 400 \ii of a luciferin/ATP mixture [260 p^ 
of 25 mM glycylglycine/pH 7.8. 16 pf of 0.1 M magnesium sulfate, 24 pf of 1 mM lucrferin (Sigma), 100 jif of 
10 mM ATP] to observe the color of ttie lighL There were six types of colors: red (609 nm and 612 nm), orange 
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(595. 607), green (two 558's). 

Alternatively, crude enzyme was purrfied according to the method described In the Japanese Patent Appln. 
LOP Publication No. 141592/1989, tested, and found the same color dteplayed as described above. 

Recombinant DMAs encoding mutant ludferase which produces red colors of light (809 nm and 612 nm) 

5 were des^nated as pGli37C-M-2 and pGUSTC-M-S, respectively. E. coH JMIOl was transformed with 
pGLf37C-IW-2 or pGl^7C.M-5. The transfonnants. E, ooH JMlOl (pG!J37C-M-2) and JMIOI (pGLf37C-M-5) were 
deposited with Fenmentation Research Institute, Agency of Industrial Science and Technology and were assig- 
ned the accession number FERM BP-2825 and FERM BP-3136, respectively. Recombinant DMAs encoding 
mutant ludferase which produces orange colors of light (595 nm and 607 nm) were designated as pGLf37C-M-4 

10 and pGLf37C-M-1, respectively. The transfonrants, E. coH Mm (pGU370M-4) and JMIOI (pGU37C.M-1), 
were deposited with the same and were assigned the accession number FERM BP-2826 and FERM BP-3135, 
respectively. Recombinant DMAs encoding mutant luciferase which produces green colors of light (two 
wavelengths of 558 nm) were designated as pGLf37C-M-6 and pGLf37C-M-7, respectively. The transformants, 
E. OTli JMIOI (pGLf37C-M-6) or JMIOI (pGL-^7C-M-7). were deposited with the same and were assigned the 

15 accession number FERM BP-3137 and FERM BP-3138, respectively. 

Table I summarizes the color of light, the position of mutation in the nucleotide sequence and the position 
of mutation in the amino acid sequence of the bacterial strains. 
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SEQOENCS LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(ii) TITLE OP INVENTION: 

(iii) NDMBER OF SEQUENCES: 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: 

(B) STREET: 

(C) CITY: 

(D) STATE: 
(£) COUNTRY: 
(F) ZIP: 

(v) COMPUTER READABLE FORM; 

(A) MEDIUM TYPE: 

(B) COMPUTER: 

(C) OPERATING SYSTEM: 

(D) SOFTWARE: 

(vii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: 

(B) REGISTRATION NUMBER: 

(C) REFERENCE/DOCKET NUMBER: 

(ix) TBLECCM4MUNICATI0N INFORMATION: 

(A) TELEPHONE: 

(B) TELEFAX; 
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5 



(2) INFORMATION FOR SSQ ID NO: 1 



SBQUENCE CHARACTERISTICS: 



(A) 



LENGTH: 1644 Base pairs 



10 



(B) 



T7PE: Nucleic acid 



(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
(ii) MOLECULE TYPE: cDNA 
(vi) ORIGINAL SOORCE 

(A) ORGANISM: Luciola cruciata 



(ix) FEATURES 

(A) OTHER INFORMATION 
Luciferase cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 



• 10 


20 


30 


40 


50 


60 


ATGGAAAACA 


TGGAAAACGA 


TGAAAATATT 


GTAGTTGGAC 


CTAAACCGTT 


TTACCCTATC 


70 


60 


90 


100 


no 


120 


GAAGAGGGAT 


CTGCTG6AAC 


ACAATTACGC 


AAATACATGG 


AGC6ATATGC 


AAAACTTGGC 


130 


UO 


ISO 


160 


170 


180 


GCAATTGCTT 


TTACAAATGC 


AGTTACTGGT 


6TTGATTATT 


CTTACGCCGA 


ATACTTGGAG 


190 


200 


210 


220 


230 


240 


AAATCAT6TT 


GTCTAGGAAA 


AGCTTT6CAA 


AATTATGGTT 


TGGTTGTTGA 


T6GCAGAATT 


250 


260 


270 


280 


^90 


300 


GCGTTAT6CA 


GTGAAAACTG 


T6AAGAATTT TTTATTCCTG 


TAATAGCCGG 


ACT6TTTATA 


310 


320 


330 




350 


360 


GGTGTAGGT6 


TTGCACCCAC 


TAATGAGATT 


TACACTTTAC 


GTGAACfGGT 


TCACAGTTTA 


370 


380 


390 


lib 


410 


420 


GGTATCTCTA 


AACCAACAAT 


T6TATTTA6T 


TCTAAAAAAG 


GCTTACATAA 


A6TTATAACA 


^30 




450 


X60 


470 


. 480 


GTACAGAAAA 


CAGTAACTAC 


TATTAAAACC 


ATTGTTATAC 


TA6ATAGCAA 


-AGTTGATTAT 


490 


50 0 


510 


520 


530 


540 


CGA6GATATC 


AATGTCT6GA 


CACCTTTATA 


AAAAGAAACA 


CTCCACCA6G 


TTTTCAA6CA 


550 


560 


570 


580 


590 


600 


TCCAGTTTCA 


AAACTGTqGA 


AGTTGACCGT 


AAAGAACAAG 


TTGCTCTTAT 


AATGAACTCT 


610 


620 


63C 


640 


650 


660 


TCGGGTTCTA 


CCGGTTTGCC 


AAAAGGCGTA 


CAACTTACTC 


ACGAAAAtAC 


AGTCACTAGA 


670 


680 


690 


700 


710 


720 


TTTTGTCATG 


CTA6AGATCC 


GATTTATGGT 


AACCAAGTTT 


CACCAGGCAC 


CGCTGTTTTA 


730 


7^0 


750 


760 


770 


780 


ACTGTCGTTC 


CATTCCATCA 


TGGTTTT6GT 


AT6TTCACTA 


CTCTAGGGTA 


TTTAATTT6T 


790 


800 


610 


620 


630 


840 


GGTTTTCGTG 


TTGTAATGTT 


AACAAAATTC GATGAAGAAA 


CATTTTTAAA 


AACTCTACAA 



20 
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GATTATaS^? GTACAAG?G? TATTCng^J CCGACCT?g? TTGCAAT??? CAACAAaIg? 

GAATTACliJ ATAAATAciX TTTGTCAli? TTAGTTgIgS TTGOlTCrIg CGGAGCACC? 

''^'''tiio AGCTGTT^C? AGACGcl??S ATCTTcJc^g TGTTCGtSaI 

'"''io!! AACATclS^g ATTATtJ[??2 CACCAGiAlg A,GACGaIaS5 

CCAGGAGCTT CIGGAaUgT CGTGCCgItS TTTAAAGC?A AAGTTaUgA TCTTGATicC 

AAAAAATCTT TAGGTCCTAA CA6ACGT6GA GAAGTTTGTG TTAAA6GACC TAT6CTTATG 

AAAGGTTATG TAAATAATCC AGAAGciJcS' AAAGAACTtX TTGACGAaIa AGGTTGGCTG 

CACXCCGGAG ATATTGGAT? TTATGATWA GAAAAACATT TCTTtATTGT CGATCGTrf G 

AAGTCTTTAA TCAAATACAA AGGATACCAA GTACCACCTG CCGAATTAGA ATCCGtIcTT 

l^'O 1^00 1410 1^20 1430 1440 

TTGCAACATC CATCTATCTT TGATGCTGGT GTTGCCGGCG TTCCTGATCC T6TA6CTGGC 

'^5^ 1460 * 1470 1460 1490 1500 

6AGCTTCCAG 6AGCCGTTGT TGTACTGGAA AGC6GAAAAA ATAT6ACCGA AAAA6AACTA 

ATrpArifi? TTr.^. i|20 1530 15/0 1550 1560 

ATGGATTATG TTGCAAGTCA AGTTTCAAAT GCAAAACGTT TACGTGGTGG TGTTCGTTTT 

GT6GATGAAG TACCTAAAGG TCTTAcIgGA' AAAATTGACG GCAGAGCAAT TAGAGAAATC 

1650 1640 
CTTAAGAAAC CAGTT6CTAA 6AT6 

(3) INFORMATION POR SEQ ID NO: 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 548 Amino acids 

(B) TYPE: Amino acid 

(C) STRANDEDNESS: - 
{D) TOPOLOGY : Linear 

(ii) MOLECULE TYPE: Peptide 
(vi) ORIGINAL SOURCE 

(A) ORGANlSMi Luciola cruciata 
(ix) FEATURES 

(A) OTHER INFORMATION 
Luciferase 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 
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10 



IS 



20 



25 



30 



35 



40 



45 



net Glu 
6tu 61u 
Ala lie 
Ly% Scr 
Afa Leu 
Gly Va^ 
Glr Lie 
Val Gin 
An Gly 
S'er Ser 
Ser Gly 
Phe Scr 
Thr Val 
Gly Phe 
Asp Tyr 
Gly Leu 
Leu Ser 
Giy Tyr 
Pro Gly 
Lys Lys 
Lys Gly 
His Thr 
Lys Ser 
Leu Gin 
Giu Leu 
net Asp 
Val Asp 
Leu Lys 



10 



Asn net Glu Asa Asp G|u Asn tic Vaj Va| Gly Pro Lys Pro Phe Tyr 
Gly Ser kU Gly Thr Gin Leu Arj Lys Tyr Met Clu Art 7yr Ala' Lys 



50 



Ala Phe Thr Asn Ala Val Thr Gly Val Asp Tyr Ser Tyr Ala Glu Tyr 



70 



Cys Cys Leu Gly Lys Ala Lc« Gin Asn Tyr Gly Leu Val Vet Asp Gly 



90 



Cys Ser Glu Asn Cys Glu Clu Phe Phe He Pro Val He A|a Gly Leu 



110 



Gly Val Ala Pre Thr Asn Glu lEe Tyr Thr Leu Ars Glu Leu Val His 



130 



Ser Lys Pro -Thr lU Val Phe Ser Ser Lys Lys Gly Leu Asp Lys Val 



ISO 



Lys Thr Val Thr Thr Ifc Lys Thr Uc Vel He Leo Asp Ser Lys * Val 



170 



Tyr -Gin Cys Leu Asp Thr phe lie Lys Arj Asn Thr Pro Pro Gly Phe 

190 

Phe Lys Thr Val Glu Val Asp Ars Lys Glu Gin Val Ala Leu He «et 

210 

Ser Thr Gly Leu Pro Lys Gly Vet Gin Leu Thr His GJu Asn Thr Val 

230 

His Ala An Asp Pro lie Tyr Gly Asn Gin Val Scr Pro Gly Thr Aja 

•2S0 

Val Pro Phe His Kis Gly Phe Gly Oct Phe Thr Thr Leu Gly Tyr Ceu 

• 270 

Arj Val Val net Leu Thr Lys Phe Asp Glu Glo Thr Phe Leu Lys Thr 

290 

Lys Cys Thr Scr Val He Leu Val Pro Thr lcu Phe Ala He Leu Asn 

310 

Leu Asn Lys Tyr Asp Lcu Scr Asa Leu Val Giu He Ala Ser Gfy Gfy 

330 

Lys Glu Val Gly Clu Ala Val Ala Arj Ar, ptxc Asn Lcu Pro Gly Va! 

350 

Gly Lcu Thr Glu Thr Thr Scr Aia He He He Thr Pro Gfu Gly Asp 

370 

Ala Scr Gly Lys Val Vel Pro Leu Phe Lys Ala Lys Val He Asp Leu 

390 

Ser Leu Gly Pro Asn Ari Arj Gly Glu Val CyS Val Lys Gly Pro net 

Tyr Vat Asn Asn -Pro Glu Ala Thr Lys Glu Leu He Asp Gtu Glu Gly 

430 

Gly Asp He Gly Tyr Tyr Asp Glu Glu Lys Kis Phe Phe He val Asp 

<S0 

Lcu lie Lys Tyr Lys Gly Tyr Gin Val Pro Pro Ala Glu Lcu Clu Ser 

** . 470 . 

His Pro Ser He Phe Asp Ala Gly Val Ala Gly Val Pro Asp Pro Val 

<90 • 

Pro Giy Ala Val -Val Val Lcu Glu Scr Gly Lys Asn net Thr Clu Lys 

SIO . 

Tyr Val Ala Scr Gin Val Scr- Asn Ala Lys Arj Lcu Arj Gfy Gly Val 

530 

Clu Val Pro Lys Gly Lcu Thr Gly Lys He Asp Giy Arj Ala He Arj 
Lys Pro Val Aia Lys Met 
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Pro He 

Lcu Gfy 
60 

Lcu Glu 
80 

Arj He 

100 
Phe He 

120 
Scr Leu 

1^0 
He Thr 

160 
Asp Tyr 

160 
Gin Ala 

200 
Asn Ser 

220 
Thr Ars 

2^0 
Val Leu 

Z60 
He Cys 

260 
Leu Gin 

300 
Lys Scr 

320 
Ala Pro 

3^0 
Arj Gin 

360 
Asp Lys 

350 
Asp Thr 

COO 
Leu net 

120 
Trp Leu 

ACQ 
Arj Lcu 

£60 
Val Leu 

460 
Ala Gly 

500 
Glu Val 

S20 
Arj Phe 

540 
Glu lie 



50 



55 
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(4) INFORMATION FOR SEQ ID NO: 3 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: Other nucleric acid 

Oligomer 

(ix) FEATURES 

(A) OTHER INFORMATION 

A part Of SD-ATG DNA fragment of trp promoter +27 
nucleotides of N-terminal of wild type luciferase 

(Xi) SEQUENCE DESCRIPTION: SEQ ID:NO 3 

CGACAATGGAAAACATGGAAAACCATGAAAAT 

(5) INFORMATION FOR SEQ ID NO: 4 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 bases 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Xinear 

(ii) MOLECULE TYPE: Other nucleic acid 

Oligomer 

(ix) FEATURES 

(A) OTHER INFORMATION 

A part of SD-ATG DNA fragment of trp promoter +27 
nucleotides of N-terminal of wild type luciferase 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

ATTTTCATCGTTTTCCATGTTTTCCATTGT 
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Claims 

5 1. A mutant lucrferase which has the amino add sequence of wOd type luciferase with at least one of the muta- 
tions wherein valine Is replaced by [soleucine at the amino add number 233, valine by isoleucine at 239, 
serine by asparagtne at 286, glycine by serine at 326. histidlne by tyrosine at 433 or proline by serine at 
452 In the sequence. 

10 2. A mutant luciferase gene encoding the amino acid sequence of a mutant luciferase as dalmed in daim 1 . 

3. A recombinant DMA comprising a mutant luciferase gene as dalmed in daim 2. 

4. A method of producing a mutant luciferase which comprises cuituring in a medium a microorganism belong- 
15 ing to the genus Escherichia transformed with a recombinant DNA containing a mutant gene encoding the 

anuno add sequence of wild type luciferase with at least one of the mutations wherein valine is replaced 
by isdeucine at the amino acid number 233, valine by isoleucine at 239, serine by asparagine at 286, 
gtydne by serineat 326. histidine by tyrosine at 433 or prdine by serine at 452 in the amino acid sequence 
and recovering mutant luciferase from the culture. 

20 

5. A method of producing a mutant luciferase gene by treating a wad type ludferase gene of a firefly with a 
mutagen. 

6. A method according to daim 5 wherein the mutant luciferase gene obtained encodes mutant luciferase 
25 which catalyses luclferin to produce light of a different wavelength from that produced by native luciferase. 

7. A method according to claim 6 wherein the mutant luciferase catalyses tucrferin to produce red, orange or 
green light 

30 8. Use of a mutant luciferase as daimed in claim 1 for measuring the amount of ATP in a coloured solution. 

9. An ATP assay kit comprising a mutant luciferase as daimed In daim 1 and luclferin. 

10. A microorganism belonging to the genus Escherichia transformed with a recombinant DNA as daimed in 
35 claim 3 and selected from PERM BP-2825, PERM BP-2826, PERM BP-31 35. PERM BP.31 36. PERM BP- 

3137 and PERM BP-3138. 
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FIG. 1 
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FIG. 2 
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